-and SNARE-independent component as the tonic current, and ESC persisted after a the formation of conventional synapses. Studies performed in a wide range of preparations-notably the treatment with Ca 2ϩ channel blockers or botulinium toxin and are observed in Munc18-1 deficient mice in which neuromuscular junction-suggest that receptors to neurotransmitters are operative before the formation of synvesicular release is abolished (Verhage et al., 2000) . We suggest that this nonconventional form of release may apses (Xie and Poo, 1986 ; Hall and Sanes, 1993). Other observations suggest that the principal transmitters of provide an early form of intercellular communication that enables a distal flooding type of action prior to the topic the brain-i.e., GABA and glutamate that, respectively, mediate most of the inhibitory and excitatory synapses synaptic mode of interaction. in adult circuits-provide important communication signals during development. Thus, in immature neurons, Results GABA, which is excitatory at an early stage of development, and glutamate may modulate proliferation, migraIn keeping with our previous study (Tyzio et al., 1999) , tion, and dendritic outgrowth (for reviews, see high input resistance (1-3 G⍀) and a small capacitance outward current (mean outward current, 0.75 Ϯ 0.16 pA/ (6-15 pF) and responded to a depolarizing current pulse pF). In contrast, glutamate receptor antagonists, CNQX by a TTX-sensitive fast inward Na ϩ current ( Figure 1B) . (40 M), and MK-801 (10 M) or APV (50 M) did not Morphological reconstruction of these neurons showed generate a current ( Figure 1G ; n ϭ 10/10). Therefore, that they had an axon oriented toward the stratum oriens ambient GABA but not glutamate tonically activates and an anlage of apical but no basal dendrite (Figure neurons that have no synapses. 1A) (Tyzio et al., 1999 Figures 1E and 1F , bicuculline (50 M, n ϭ 7/11) or picrotoxin (100 M, n ϭ 4/6) generated an tween 10 and 30 s) (Figure 2A) . This current, which we 3D and 3E) . In active cells, ESC was also mediated by the activation of GABA A and NMDA receptors pF), whereas the coapplication of CNQX ϩ MK-801 or Figures 7D and 7E ). In addition, in four out of eight cells, bicuculline generated a current (0.49 Ϯ 0.07 pA/pF), indicating that these neurons exhibit a tonic activity mediated by GABA A receptors ( Figure 7F ).
All together, these data suggested that transmitters that mediate ESC and tonic currents have either a nonvesicular origin or are released through a SNARE complex-independent exocytosis.
Discussion
Our results suggest that immature neurons-including 
Sequential Functional Expression of Transporters Reflects the Predominant Role of GABA
In resting conditions, antagonists of GABA A but not glueven in the presence of latrotoxin ( Figure 6D; n ϭ 7) .
tamate receptors generated a current, suggesting that In contrast, electrical stimulation of stratum radiatum evoked an ESC that was blocked by GABA A and NMDA a tonic release of GABA activates immature pyramidal ., 1999) . tribution of GABA A receptors in both tonic current and ESC. Indeed, blockade of the principal GABA transTherefore, there is a tonic release of glutamate, but this is efficiently removed from the extracellular space by porter GAT-1 did not slow the decay of the GABA component of ESC and the currents generated by exogenous transporters. Only NMDA receptors contribute to ESC and to the tonic current unmasked by TBOA. Further application of GABA, suggesting that GAT-1, though expressed in the hippocampus by this period of life studies are required to determine whether the activation of NMDA but not AMPA receptors is solely due to differ-(although at moderate levels in the CA1 region) (Yan et al., 1997), does not contribute to the clearance of GABA ences in affinity for glutamate between these receptors or to other mechanisms, including desensitization or a from the extracellular space. This is age dependent, as SKF89976A strongly prolonged the exogenous GABAneed for clustering of AMPA receptors that may take place at a later stage. ergic current in more mature pyramidal cells (P14). These results are in keeping with the fact that tiagabine, another GAT-1 transporter inhibitor, unravels a GABA B receptor-dependent paired pulse depression in adult but
Source of Transmitter Release
The kinetics of ESC may result from several factors, not neonatal CA3 pyramidal neurons (Caillard et al., 1998). Thus, the absence of an efficient extruding sysincluding the distance between the source and the target, the time course of transmitter release, the coeffitem will enable a sufficient concentration of GABA to exert its distal action. In contrast, antagonists of glutacient of diffusion, and the receptor properties (Rusakov and Kullmann, 1998 
